ABSTRACT
INTRODUCTION
The genome of simian virus 40 (SV40) represents a simple, but appropriate, model for a single mammalian replicon. SV40 replicates in the nuclei of permissive cells such as monkey or human cells, as small circular chromosomes whose histone composition and nucleosome structure are indistinguishable from those of its host (1) . With the exception of initiation where the early gene product, T antigen, plays a crucial role, the viral DNA replication appears to be carried out by the host cells enzymes (1) . The T antigen initiates viral DNA replication by binding the origin region (ori) of SV40 DNA.
Recently, we have found that the product of cellular protooncogene c-myc can promote cellular DNA replication by binding the putative replication ori of cellular DNA (2) , which is quite reminiscent of relationship between SV40 T antigen and SV40 DNA replication. For the proof of this idea, we have cloned the c-myc protein binding sequences from human cells that, in a Nucleic Acids Research consequence, worked as an autonomous replicating plasmid after transfection into human and mouse cells (2) .
In this paper, we addressed the question whether the DNA replication function of c-myc protein is indeed the similar to that of SV40 T antigen. The results showed that the c-myc product can be substituted for T antigen in terms of SV40 DNA replication.
MATERIALS AND METHODS

Plasmids
pSVO, pSVOD, pHT3, and pHT4 were pBR322 containing SV40 origin. The cloned regions of SV40 genome were shown in Fig. 1 . pSVO and pSVOD were reported previously (3) .
SV40-origin containing regions in pHT3 or pHT4 were derived from XS15 or XS16 (4) 20 pg of tRNA per ml, 20 pg of heatdenatured salmon testis DNA per ml, 32P-labelled pBR322, 0.1 % sodium dodecylsulfate, and 50 % formamide. After 20 hrs at 42 C, the filter was washed twice with 3 x SSC-0.1 % sodium dodecylsulfate at 37°C for 30 min, then twice with 0.1 x SSC-0.1 % sodium dodecylsulfate at 37 0 C for 30 min, and finally with 0.1
x SSC. The filter was autoradiographed at -80" C. Antibodies Two independent anti-human c-myc antibodies were used in this study. The c-mycs specific monoclonal antibody, IF7, was well characterized previously (9) . The other antibody, a sheep polyclonal one, was prepared by Oncor Inc., U.S.A., using a synthetic oligopeptide sepcific for human c-myc protein, and it was confirmed by the company that the antibody reacts with purified bacterially expressed human c-myc protein.
This antibody was also characterized by us (2) . First, the proteins in nuclear extract from HL-60 cells was precipitated with anti-cmyc antibody, followed by a suspension of formaldehyde-fixed Staphylococcus aureus containing protein A, and transferred to nitrocellulose filter. The protein extensively (10, 11) as compared to that in U937 cells. Our recent conclusion is that the c-myc protein promotes cellular DNA replication by binding the replication oni, the mechanism of which is quite mimic to that of SV40 T antigen (2 The plasmids containing the various region of SV40 origin region as described in Fig. 1 (Fig. 1) (12) . The various kinds of plasmid DNAs containing the origin region of SV40 DNA replication were constructed (Fig. 1) . To examine the replication activity of these DNAs, the cloned DNA was transfected into monkey CosI cells which were producing SV40 T antigen constitutively (5 extracted from the transfected CosI cells by Hirt procedure (13) and analyzed by Southern blot hybridization after the DNA was digested with DpnjI and EcoRI to eliminate the input DNA and to linearlize the replicated DNA (Fig. 4A) (1) . In addition to above function, T antigen plays variety of roles in cellular and viral gene regulation (1, 12) . The c-myc gene product, the cellular protooncogene product, seems to be a multi-functional protein as the SV40 T antigen (14) . Recently, we have obtained the results that c-myc gene product can promote cellular DNA replication through binding its putative initiation site (2), and it was also reported that anti-c-myc antibody inhibits DNA replication carried out in isolated nuclei, suggesting that the c-myc protein may participate in elongation of cellular DNA replication (15) . These are quite reminiscent of the function of SV40 T antigen. In this manuscript, it was shown that the c-myc gene product may be substituted for SV40 T antigen in SV40 DNA replication. The SV40 origin-containing plasmid could replicate in transfected human cells that do not produce SV40 T antigen at all. And the level of replication was almost paralell to that of c-myc expression and the replication was inhibited by the anti-cmyc antibody. However, the copy number of replicated plasmid in HL-60 cells was lower at two order magnitude than that in Cos-I cells that constitutively produce SV40 T antigen (the copy numbers of replicated pSVO in CosI cells were approximately 5 x 104 to 1 x 105 copies per cell). Therefore, it is presumable that there exists the strict specificity between SV40 T antigen and SV40 origin of DNA replication, whereas there is loose specificity between c-myc product and replication origins of both viral and cellular DNA.
It is not clear at present that c-myc protein is working in the cells that produce SV40 T antigen such as Cos-I cells or SV40 infected cells. We have recently reconstituted the SV40 DNA replication system and revealed that at least four proteins from uninfected cells are necessary (16) . One protein of those was DNA-binding protein and bound the region near SV40 origin. The molecular weight of this protein was approximately 60 -65 k dalton. So, it is possible that this protein might be c-myc protein.
In order to clarify this possibility, completely purified and reconstituted system of SV40 DNA replication should be needed.
